Vegetables are an important part of a balanced and healthy diet, and evidence supports a positive association between a higher intake of vegetables and health benefits^([@r1])^. Despite this evidence, the recommended vegetable intake is still not met in many countries^([@r2])^. Therefore, increasing daily vegetable intake in the population is of high public health importance and has been highlighted by health authorities at all levels^([@r1],[@r3],[@r4])^. Evidence suggests that dietary behaviours established early in life track into adulthood^([@r5]--[@r8])^, which makes childhood a critical period for establishing long-lasting dietary habits^([@r7])^.

The food provided or made available for children is greatly influenced by adults, both at home and in various types of childcare. Vegetables available in the home/childcare facility and the accessibility (vegetables in a ready-to-eat form) of vegetables seems to be important determinants for increasing vegetable intake in school-aged children and youth^([@r9]--[@r11])^. In addition, evidence shows that parents play a crucial role in encouraging and supporting their children in eating healthy through modelling healthy habits^([@r11])^. For children too young to attend school (Norwegian children attend school in the autumn the year they turn 6), the use of out-of-home childcare has rapidly increased over the years, and parents are now sharing the responsibility for their children's diet with childcare providers. Limited research has examined the role of childcare staff's modelling behaviour; however, studies have shown positive associations between food-related practices in childcare and children's food^([@r12])^ and vegetable intake^([@r13])^. Childcare staff is, to a large extent, in control of the children's food environment during the day, and it seems important to ensure a supportive environment to increase children's vegetable intake.

Several interventions have been conducted to better understand what increases children's vegetable intake among children below 5 years^([@r14],[@r15])^. However, interventions focusing on increasing vegetable intake among children in childcare settings are limited. The latest review of interventions for increasing fruit and vegetable consumption targeting children up to 5 years found little consistent evidence across studies^([@r15])^. In addition, multicomponent studies were more successful in increasing vegetable consumption than single-exposure strategies^([@r14])^. A severe amount of research has been conducted on the primary outcome -- vegetable intake in/among children^([@r14],[@r15])^, but very few studies report on the secondary outcome -- vegetable/dietary changes in the kindergarten environment.

The present study was conducted in Norway, where 91 % of all children aged 1--5 years are attending kindergarten, and the majority of these children spend ≥41 h per week in the kindergarten^([@r16])^. There are normative national guidelines for food and meals served in Norwegian kindergartens^([@r17])^. These guidelines specify that vegetables and fruit/berries should be included in each meal and that kindergartens should provide for at least two nutritional full meals a day^([@r17])^. In addition, kindergartens have a framework plan for their content and tasks, which underlines that the kindergarten has a responsibility to contribute to teaching children about healthy dietary habits^([@r18])^. Meals are either brought from home (lunch box) or provided by the kindergarten, or a combination of both. The kindergarten food procurement system differs between municipalities and ownership. Kindergartens in Norway are either public or private, where private kindergartens are run by companies and public kindergartens are run by municipalities. However, the kindergarten law and associated guidelines apply to all kindergartens despite ownership.

The aim of the current study was to evaluate the effect of an intervention study to increase frequency, variety and amount of vegetables served in the kindergarten setting, and to evaluate the effect of the intervention on changes in staff's food-related practices in the kindergarten from baseline to follow-up I.

Methods {#s1}
=======

Study design {#s1-1}
------------

The BRA study (an acronym for the Norwegian words *Barnehage* (kindergarten), *gRønnsaker* (vegetables) and *fAmilie* (family)) is a cluster randomised controlled trial with an overall aim to improve vegetable intake (primary outcome) among preschool children (3--5 years at baseline) through changing the food environment and food-related practices both in the kindergarten and at home (secondary outcomes), with immediate follow-up. More specifically, the secondary outcome in the kindergarten was to increase the weekly frequency and daily amount of vegetables served in this setting and to increase the variety of vegetables served over a month. In addition, to change the staff's food-related practices towards being more supportive of children tasting and eating vegetables. Baseline and follow-up I data from the kindergartens were used in the present study.

### Subjects {#s1-1-1}

The primary target group for the BRA study was preschool children born in 2010 and 2011, attending public or private kindergartens in the counties of Vestfold and Buskerud, Norway. All 479 public and private kindergartens were firstly invited by letter to participate in the BRA study. Then, all kindergartens were called to inform about the study and to motivate for participation. Seventy-three kindergartens chose to participate (response rate 15·2 %) (Fig. [1](#f1){ref-type="fig"}). These were randomised into intervention (*n* 37) and control (*n* 36) groups (Fig. [1](#f1){ref-type="fig"}). The kindergarten employees were the secondary target group for the intervention. Norwegian kindergartens often include multiple departments. These departments consist of approximately eighteen children, either children of the same age or children of mixed age. Each department is usually staffed with one pedagogical leader with the formal responsibility for the department, in addition to two or more assistants. The following study presents data collected from pedagogical leaders and assistants in departments where children born between 2010 and 2011 attended. Originally there were 135 departments participating in the BRA study; however, a total of seventeen departments were lost to follow-up I. Ten were lost due to incomplete data at baseline, and seven were lost due to reorganisation in the kindergarten (Fig. [1](#f1){ref-type="fig"}). In addition, some departments were excluded from analyses due to missing data on outcome measures (Fig. [1](#f1){ref-type="fig"}). This resulted in 96 (variety and frequency of vegetables), 86 (amount of vegetables) and 102 (staff's food-related practices) departments having complete data at baseline and follow-up I. This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Norwegian Center for Research Data. All kindergartens agreed to participate in the BRA study by the kindergarten leader signing a written informed consent (*n* 73).

Fig. 1CONSORT flowchart of recruitment, randomisation and participation of kindergarten and number of departments. *N* = kindergartens; *n* = departments\*Missing outcome measures

### Randomisation {#s1-1-2}

For allocation of the enrolled kindergartens, stratified block randomisation was used based on ownership and number of participating children. Stratum one and two were public and private kindergarten, respectively. Stratum three and four was ≤10 children and \>10 children, respectively. Randomisation was conducted by a statistician not involved in the project, using the statistical software program R.

### Intervention/control {#s1-1-3}

We hypothesised that the multicomponent intervention would make (i) staff change the availability and accessibility of vegetables in the departments, as well as their food-related practices (role modelling and encouragement) and through this (ii) vegetable intake among the 3--5-year-olds would increase (Fig. [2](#f2){ref-type="fig"}).

Fig. 2The logic model of intervention in the kindergartens, the BRA study

The intervention is described in accordance with the TIDieR guidelines^([@r19])^. Additionally, the TIDieR checklist (online supplementary material, Supplemental file [1](1)) and the CONSORT checklist for cluster randomised controlled trials have been completed (online supplementary material, Supplemental file [2](2)). Briefly, the intervention consisted of a 1-d inspirational course (kitchen practice and theory) for kindergarten staff and material for the kindergartens. The cook responsible for the kitchen practice observed and rehearsed the practical session developed by the Geitmyra culinary centre for children. The theoretical part was conducted by one principal investigator (NL) accompanied by either the post-doc (ALK) or the PhD student (AHS). The staff attending the course was responsible for informing and training the relevant personnel in their kindergarten. The kindergarten staff received a welcome package at the inspirational day, which included one large poster with photos of vegetables, six small posters made for the project with ideas of 'what to do' for each of the four determinants (availability, accessibility, encouragement and role modelling), aprons, brochures about the project, the Norwegian national guidelines for food and meals in the kindergartens^([@r17])^, the Norwegian dietary guidelines^([@r31])^ and one hand-blender per kindergarten. The implementation of the intervention by kindergarten staff was supported by developing their own action plans within 4 weeks after the inspirational day. Moreover, a login-protected website containing all materials, as well as additional information about forty-five vegetables and small articles about the four determinants, had been developed and was available for intervention kindergartens. The kindergarten staff was also invited to attend a closed Facebook group set up for the study. Booster activities were sent to the kindergartens, 2 and 5 months after the inspirational course. Booster activity 1 included a booklet with recipes on cabbage, a vegetable card/poster to register when and which vegetables were served for 3 d with potential for winning a gift card by sending it to the project group, a sheet with suggestions on how to play tasting games with the children. Booster activity 2 included a booklet with spring recipes like different vegetables to be included in salads and suggestions of activities to grow vegetables at three levels of difficulty.

The intervention components were delivered between September 2015 and February 2016, but the kindergartens were encouraged to implement and change their practices in accordance with their own plans. In August 2016 the kindergartens were e-mailed to encourage them to maintain any changes achieved and to continue to work on improving their practices around serving vegetables. Control kindergartens participated only by providing data and were offered access to the website in September 2017.

Both intervention and control kindergartens completing all questionnaires both in 2015 and in 2016 received a gift card with a value of 2000 NOK (approx. 223 EUR).

Data collection {#s1-5}
---------------

Baseline data were collected during Spring 2015, and follow-up I data were collected during Spring 2016. A detailed description of data collection has been published previously^([@r20])^. In brief, data were collected by paper-based questionnaires (one for kindergarten leaders, one for pedagogical leaders and one for assistants), and a 5-d weighted vegetable diary (filled in by anyone working at the department). Modified items from statements and questions used in the last national dietary survey in kindergartens^([@r21])^ and the last dietary survey among Norwegian 2-year-olds^([@r22])^ were used in questionnaires A, B and C. These modified questions have not been tested for reliability or validity. Questions assessing kindergarten staff's food related-practices were measured by item pools composed of modified versions of statements used in previous international studies among parents^([@r23]--[@r26])^, and used in questionnaires B and C. Translation and back-translation of statements and questions available in English were conducted by fluent speakers of English and Norwegian languages. As descriptive data were collected at the kindergarten level through kindergarten leaders, and the outcome measures were collected at the department level through pedagogical leaders and assistants, these results are presented at two different levels.

Measures {#s1-6}
--------

### Questionnaire A: characteristics of kindergartens {#s1-6-1}

Questions used from Questionnaire A were: 'Is the kindergarten public or private?', with two response alternatives: 'public' and 'private'. Four open-ended questions were included as well: 'What is the total number of children in the kindergarten?', 'How many full-time equivalents do the kindergarten have?', 'How many full-time equivalents educated as kindergarten teacher do the kindergarten have?' and 'How much do the parents pay each month for food and beverages per child?' Kindergartens having 'written guidelines for food provided by the kindergarten' (Table [1](#tbl1){ref-type="table"}) were those who reported having included this in 'the annual plan', 'in written guidelines' or 'in both the annual plan and written guidelines'.

Table 1Baseline characteristics of kindergartens who participated in the BRA study by conditionControl (*n* 35)Intervention (*n* 34)*P*Mean%[sd]{.smallcaps}Mean%[sd]{.smallcaps}Private kindergartens144017500·404[\*](#t1fn1){ref-type="table-fn"}Public kindergartens21601750Number of children5422·55730·10·586[†](#t1fn2){ref-type="table-fn"}Full-time equivalent136·1146·80·508[†](#t1fn2){ref-type="table-fn"}Full-time equivalent educated as kindergarten teacher63·063·40·419[†](#t1fn2){ref-type="table-fn"}Additional payment for food and beverages266[‡](#t1fn3){ref-type="table-fn"}92·2290[‡](#t1fn3){ref-type="table-fn"}61·00·216[†](#t1fn2){ref-type="table-fn"}Employees pay a monthly fee for food and beverages: 'Yes'2982·92676·50·467[†](#t1fn2){ref-type="table-fn"}Written guidelines for food provided by the kindergarten: 'Yes'28802985·30·526[\*](#t1fn1){ref-type="table-fn"}[^1][^2][^3]

### Questionnaire B: frequency and variety of vegetables served {#s1-6-2}

The weekly frequency of served vegetables for breakfast, lunch and afternoon meal was assessed through three separate questions: 'How often does your department offer vegetables for breakfast/lunch/the afternoon meal?' The response alternatives were on a seven-point scale ranging from '5 d a week' to 'never'. The monthly variety of vegetables served for lunch and for afternoon meal was assessed through two separate questions: 'How often does your department offer these vegetables for breakfast/lunch/the afternoon meal?' Twelve vegetable alternatives (cucumber, tomato, bell pepper, sugar snap peas, salad, carrot, corn, broccoli, cauliflower, rutabaga, cabbage, peas) were given with the same response alternatives as mentioned above.

### 5-d weighted vegetable diary: amount of vegetables served {#s1-6-3}

A detailed description of the 5-d weighted vegetable diary has been published previously^([@r20])^. Briefly, the kindergarten staff was instructed to weigh vegetables served for five consecutive days, both before and after each meal, and to report the number of children and adults present during the meal. This provided a measure of the amount of vegetables in grams served per person per day, through a typical week for breakfast, lunch and afternoon meal in the kindergarten.

### Questionnaires B and C: kindergarten staff's food-related practices {#s1-6-4}

The score labelled 'staff's food related practices' consisted of eight different factors, and items included in each factor are presented in Table [2](#tbl2){ref-type="table"}. A detailed description on how the factors were extracted is published elsewhere^([@r27])^. The eight factors were: *modelling* (five items), *initial encouragement* (five items), *child involvement* (four items), *reactive encouragement* (three items), *strictness* (three items), *rewarding* (three items), *accessibility* (four items) and *availability* (three items)^([@r27])^. Response to each item were given on a five-point scale ranging from 'totally disagree' (= 1) to 'totally agree' (= 5), with a neutral midpoint. Reversed score was used for the items included in the factors labelled *strictness* and *rewarding*. Change in each factor from baseline to follow-up I was explored, but since no change was detected, they are presented as one overall score labelled 'staff's food-related practices'. Mean scores of each of the eight factors were added and then divided by eight to give the mean score for 'staff's food-related practice', and the overall score is presented in Table [2](#tbl2){ref-type="table"}. Finally, this score was aggregated to the department level.

Table 2Items and factors that were added to the total score for 'staff's food-related practices'BaselineMean[\*](#t2fn1){ref-type="table-fn"}[sd]{.smallcaps}Modelling4·210·50 I show the children how much I enjoy eating vegetables4·370·67 I try to show enthusiasm about eating vegetables4·220·67 I model vegetable eating for the children by eating vegetables myself4·720·40 I try to eat vegetables in front of the children, even if they are not my favourite3·520·96 I show the children how to eat vegetables (mix with other foods, use as garnish, etc.)4·200·67Initial encouragement3·380·59 I describe the consistency and/or taste of new vegetables for the children3·320·85 I show the children how they can explore vegetables with their senses3·410·79 I tell the children what kind of vegetables we are to eat4·000·72 I allow the children to play with vegetables (make figures, use as tusk, etc.)3·170·84 I refer to characters the children are familiar with from TV/books/plays that eat vegetables3·000·83Child involvement3·170·59 I ask the children to choose vegetables for meals3·150·85 I ask the children to help select vegetables at the grocery store2·870·84 I let the children assist in preparing vegetables (peeling, cutting, put on plates, etc.)4·270·66 I add something to make vegetables taste better2·410·86Reactive encouragement4·370·69 I tell the children that vegetables taste good4·490·58 I encourage the children to eat vegetables to become strong and healthy4·470·50 I encourage the children to try a few bites of vegetables4·720·48 I praise the children when I see them eating vegetables4·080·76 I offer the children vegetables they like4·090·57Strictness[†](#t2fn2){ref-type="table-fn"}4·120·62 The children should always eat all the vegetables on their plates4·360·67 I insist that the children should sit at the table until all vegetables on their plate are eaten4·330·76 I am strict with the children concerning eating of vegetables3·600·79Rewarding[†](#t2fn2){ref-type="table-fn"}4·130·53 I offer the children their favourite foods in exchange for vegetable consumption4·320·61 I reward the children with something they like (not food) if they finish their plate with vegetables4·540·50 I tell the children to be just as good as other children when it comes to eating vegetables3·530·88Accessibility at kindergarten4·160·65 I send the plate/bowl of vegetables around the table4·380·74 I place the plate/bowl of vegetables within the reach of children4·170·82 We usually have more than one kind of vegetables at the table so the children can choose4·320·82 We usually serve vegetables separately so the children can choose which one they want3·770·86Availability at kindergarten4·150·92 In our unit we usually vary the kinds of vegetables served for hot lunch4·030·76 In our unit we usually vary the preparation method (raw, boiled, etc.) according to the types of vegetables served for hot lunch4·090·78 In our unit we usually have vegetables at hot lunch every day4·320·71Staff's food-related practices3·900·29[^4][^5]

### Detectable effect sizes {#s1-6-5}

For the secondary outcome of detecting changes in kindergarten practices, [sd]{.smallcaps}'s from the most relevant survey tools were used for the frequency of serving vegetables (days per week)^([@r21])^ and food-related practices^([@r28])^, respectively. With thirty kindergartens in each group, type 1 cut-point was *z* ~alpha~ = 1·96 for *P* = 0·05 and type 2 cut-point was *z* ~beta~ = 0·84 for *P* = 0·2, so the detectable effect size for 80 % power was 1·96 + 0·84 = 2·8 times the [se]{.smallcaps} of the mean difference in outcome measure between groups ([se]{.smallcaps} ~trt\ diff~). The [sd]{.smallcaps} for serving vegetables was 1·9, and thus with 80 % power, it would be possible to detect a difference in serving vegetables of 2·8 \* [se]{.smallcaps} ~trt\ diff~ = 2·8 \* √2 \* ([sd]{.smallcaps} ^2^/m) = 2·8√2 \* (1·9^2^/30) = 1·4 days per week. With an [sd]{.smallcaps} of 1·7 from the nutrition score in the NAP SACC study^([@r28])^, and with 80 % power, it would be possible to detect a difference in nutrition score of 1·23. This is right on the border of the effect that was detected in the per-protocol analysis from NAP SACC^([@r28])^.

### Data analysis {#s1-6-6}

Statistical analyses were performed using the statistical software package IBM® SPSS® Statistics, version 24.0. Descriptive statistics were used to describe the study sample at baseline, and independent sample *t*-test and Person's Chi-square test was used to test for differences between the control and intervention groups at baseline. Since the intra-class correlation was \>5 % when quantifying the degree of clustering, there was a meaningful difference among the groups^([@r29])^. The effect of intervention from baseline to follow-up I was explored by mixed-model analysis on differences between amount, frequency and variety of vegetables served and staff's food-related practices in the intervention and control groups on follow-up I values, adjusted for baseline measures and using intervention/control as the primary covariate of interest. Kindergarten was used as a random effect to account for random inhomogeneity between kindergartens. The models were inspected by looking at the residuals and Q-Q plots, which indicated a roughly normal distribution of data. Random intercept models were fitted, with group allocation and baseline measures as fixed effects. Only complete data, with measures from both baseline and follow-up I, were included in the analyses. The significance level for the analysis was set to *P* \< 0·05.

Results {#s2}
=======

From an eligible pool of 479 kindergartens, seventy-three kindergartens and 135 of their departments participated in the study. The BRA study had almost the same share of public and private kindergartens, compared to kindergartens in Vestfold and Buskerud counties. Furthermore, kindergartens in these counties had a mean of 12·5 full-time equivalents, and a mean of 4·1 employees with formal education, compared to the kindergartens in the BRA study, which had a mean of 13·9 full-time equivalents and 5·9 with formal education^([@r20])^. No significant differences in baseline characteristics were detected between control and intervention groups at the kindergarten level (Table [1](#tbl1){ref-type="table"}). As previously mentioned, some departments were lost to follow-up I, leaving 118 departments to be analysed (fifty-seven departments in the intervention group and sixty-one departments in the control group) (Fig. [1](#f1){ref-type="fig"}).

At the department level, the mean score for each of the eight different factors included in 'staff's food-related practices' and the score for 'staff's food-related practices' are presented in Table [2](#tbl2){ref-type="table"}.

Scores for intervention and control groups at the department level for frequency, variety and amount of vegetables served, and staff's food-related practices are presented in Table [3](#tbl3){ref-type="table"}. Results from the mixed-model analyses showed an increased variety of one-and-a-half type of vegetables used per month in favour of the intervention group. An estimated increase in the amount of vegetables served, by serving approximately 20 g more vegetables per person per day, was observed in the intervention group compared to the control group (Table [3](#tbl3){ref-type="table"}). No significant associations were found for the frequency of vegetables served during a week or for change in staff's food-related practices.

Table 3Intervention and control kindergartens at department level at baseline and follow-up I, including the estimated effect of the intervention in the BRA study[\*](#t3fn1){ref-type="table-fn"}InterventionControlIntervention effect[†](#t3fn2){ref-type="table-fn"}Baseline[sd]{.smallcaps}Follow-up I[sd]{.smallcaps}Baseline[sd]{.smallcaps}Follow-up I[sd]{.smallcaps}Estimate[CI]{.smallcaps}*P*Frequency[‡](#t3fn3){ref-type="table-fn"}7·53·110·42·36·84·29·23·00·9−2·0, 0·10·101Variety[‡](#t3fn3){ref-type="table-fn"}8·32·69·32·37·13·37·33·51·50·3, 2·6**0**·**014**Amount[§](#t3fn4){ref-type="table-fn"}47·318·864·227·441·228·240·927·020·58·1, 33·0**0**·**002**Practices[‖](#t3fn5){ref-type="table-fn"}4·00·24·10·23·90·33·90·20·05−0·1, 0·00·235The significant *P* values are in bold.[^6][^7][^8][^9][^10]

Discussion {#s3}
==========

This study showed a significant positive effect of the intervention on the variety and amount of vegetables served in the kindergarten. No significant effects were observed for the frequency of vegetables served during a week or for changes in staff's food-related practices.

Effect of the intervention on amount, variety and frequency of vegetables served {#s3-1}
--------------------------------------------------------------------------------

The availability of vegetables is one of the most important factors associated with increasing vegetable intake^([@r9]--[@r11],[@r30])^. The positive effect of the intervention according to the variety and amount of vegetables served in the kindergarten might be a result of increased availability of vegetables in the kindergarten setting. The intervention components suggested how the kindergarten could increase the availability and accessibility of vegetables in the kindergarten setting. One example was how vegetables could be bought within the kindergartens' food budget, since the economy was a known barrier for providing healthy food in the kindergarten setting^([@r21])^, and this barrier was often supported by examples from some of the kindergartens present at the inspiration days. Further, as there are no specific recommendations for daily amount of vegetables for children in Norway, we chose to use a total daily intake of 180 g vegetables as the goal for children's vegetable intake. This is about 70 % of the recommended intake for Norwegian adults^([@r31])^. To reach this goal, the intervention components provided visual examples of what a portion size of 45 g vegetables per meal per child could look like. Furthermore, it was stressed that vegetables should be served at each meal. Together, these intervention components seem to have enabled the kindergartens to increase the availability and accessibility of vegetables. However, the intervention group increased the amount of vegetables served with only approximately 20 g per child per day. With a baseline average of approximately 40 g per child per day, there is still a potential to increase this amount further. The kindergarten should, at least, serve a portion size of 45 g two times per day to each child (90 g of vegetables a day per child) in terms of trying to reach the recommended intake of vegetables. We have not found comparable interventions with the aim to increase the amount of vegetables served in the kindergarten setting to discuss this result against.

According to the Norwegian information bureau for fruit and vegetables^([@r32])^, in addition to our own data (not shown), there are four commonly used vegetables in Norwegian kindergartens -- cucumber, tomato, bell pepper and carrots. Both intervention and control groups had a high mean score at baseline for the variety of vegetables served. Still, a positive effect on increased variety of vegetables was seen in favour of the intervention group. This might be explained by the intervention components focusing on the importance of variation at the inspiration day and in booster activities 1 and 2 as well. Further, the majority of kindergarten leaders in the present study had knowledge of the national guidelines for food and meals in the kindergartens^([@r20])^, which promotes serving and eating a variety of foods^([@r17])^. Finally, a Belgium process evaluation study found that childcare staff thought it was very important to serve a variety of foods to promote children's taste development^([@r33])^. Thus, the message of variety along with the core message of the importance of encouraging the children to taste different/new vegetables might have resonated well with the staff in our study.

The frequency of serving vegetables did not increase significantly in intervention kindergartens compared to control kindergartens. The control group was encouraged to follow their usual routines; however, a significant increase in the frequency of served vegetables for both groups was confirmed by a paired samples *t*-test (data not shown). Such an increase in the control group might be explained by increased awareness in the control group through data collection in the BRA study. In particular, the weighing of vegetables could have contributed to this; moreover, control kindergartens could also have participated in other studies/projects focusing on vegetables or healthy eating. For the present study, the intervention components recommended the kindergartens to increase the frequency of served vegetables to three meals per day (breakfast, lunch and afternoon meal), which gives a possibility of fifteen vegetable servings per week. However, in the Norwegian guidelines for food and meals in the kindergartens^([@r17])^, it is stated that the kindergarten should provide for at least two nutritional full meals per day, which adds up to ten meals per week. Given that the baseline frequency was approximately seven servings per week, which is relatively high, this could have limited intervention kindergartens in increasing the frequency of served vegetables significantly.

Effect of the intervention on staff's food-related practices {#s3-2}
------------------------------------------------------------

Staff's food-related practices related to vegetable intake were not significantly different between the intervention and control groups at follow-up I. This is in accordance with the American NAP SACC intervention^([@r28])^ and an Australian intervention^([@r34])^, targeting environmental changes of childcare centres, which did not find any effects for the nutrition part of their interventions^([@r28],[@r34])^. However, the overall score on staff's food-related practices reported at baseline were relatively high, with a baseline score at approximately 4. The range for this score was 1--5, where a high score was assumed to be related with increased vegetable offer. An explanation for the lack of change might be that the employees felt that they were already conducting these practices, and since the baseline score was relatively high, this could have limited the possibility to increase this score further. However, two previously published cross-sectional studies^([@r13],[@r35])^ found an association between childcare staff's modelling and children's vegetable intake. This emphasises the importance of continuing to study the role of staff's food-related practices and to understand the mechanisms that can affect the staff's food-related practices in childcare settings.

Strengths and weaknesses of the study {#s3-3}
-------------------------------------

This study has several strengths. First of all, it was conducted in an understudied context, as few previous studies have investigated changes in the kindergarten food environment. Furthermore, there were no differences between the intervention and control groups for the baseline characteristics of the kindergartens, indicating that the randomisation was successful. We included three different outcomes of vegetables served (amount, frequency and variety), giving a broader picture of kindergarten vegetable practices compared to what has previously been reported. In addition, we used two different methods (questionnaires and the 5-d weighted vegetable diary), which were conducted by kindergarten staff working at all levels, giving a more complete picture of the practices. The multiple component intervention was developed based on 1·5 years of formative evaluation work and the logic model (Fig. [2](#f2){ref-type="fig"}). By using a multiple-component intervention, the kindergartens were given the opportunity to choose which adjustments they needed by developing their own action plans to change existing practices. A wide range of different kindergartens (in terms of size and how they were organised) participated, which may indicate that the intervention has a scalability potential for Norwegian kindergartens. How these might fit in the kindergartens in other countries will have to be assessed based on local knowledge.

However, the study also has some weaknesses. Even though the questionnaires were developed based on statements and questions used in previous studies and pilot-tested with small groups of staff from different kindergartens, they were not tested for reliability or validity due to a lack of time and resources. In addition, the questionnaires may not have been responsive enough to detect changes in staff's food-related practices despite tapping into many different practices. The 5-d weighted vegetable diary could be filled in by anyone working in the department, and this could have caused a lack of consistency in how these data were reported both at baseline and follow-up I. However, it was important to make data collection easy for the staff to complete, and because the staff worked different shifts and were associated with different tasks, we decided that it would be more feasible for anyone working at the department to fill in the 5-d vegetable diary. In addition, the employees knew the purpose of the intervention, which may have affected the reporting of vegetables. Finally, missing data at baseline, reorganisation in kindergartens and missing outcome data reduced the number of kindergartens available for the analyses.

Conclusion {#s4}
==========

The multicomponent intervention was successful in increasing the variety and amount of vegetables served within intervention kindergartens. This study is one of few randomised controlled trials that have targeted the kindergarten environment to increase vegetables served to children. The results from the BRA study indicate that it is possible to increase the amount and variety of vegetables served without providing additional economic or staffing resources. An implementation of the intervention components in the kindergarten system may have a beneficial effect on public health. Such an intervention might also contribute to reduce social inequalities in health as children from all social classes attend kindergarten. Future research should seek to understand the mechanisms that can generate change in staff's food-related practices in the kindergarten setting, as well as the responsiveness of such measures in assessing these practices.
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[^1]: Person's Chi-square test.

[^2]: Independent sample *t*-test.

[^3]: Norwegian kroner, 266 NOK = 29·03 EUR and 290 NOK = 31·65 EUR.

[^4]: Responses were given on five-point scales, ranging from 'totally disagree' (= 1) to 'totally agree' (= 5), with a neutral midpoint.

[^5]: Reversed score.

[^6]: Weekly frequency, monthly variety and daily amount of served vegetables and staff's food-related practices scores.

[^7]: Effect analyses were adjusted for kindergarten clustering and baseline measures.

[^8]: Intervention (*n* 47), control (*n* 49).

[^9]: Intervention (*n* 39), control (*n* 47).

[^10]: Intervention (*n* 51), control (*n* 51).
